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Factors influencing the creep and confined
tensile strength of geosynthetics in soil are evaluated.
State-of-the-art, current' practices and methods used to
evaluate confined creep and tensile strength are
investigated. >-A--Large -Seal e Fullout / Creep Device,
which improves upon previous instrumentation, is
designed and results of analyses are presented. A
complete laboratory analysis of the soil media is
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The purpose of this research investigation is to
design and fabricate a Large Scale Pul 1 cut/Creep Device
(LSPCD) to isolate and evaluate the parameters which
affect the restrained pul lout and creep properties of
extensible earth reinforcement. The analyses presented
in this report focus en the interaction of a polyester
geogrid material in a cohesionless soil under a variety
of boundary conditions. "j
Co
•/
A review of existing equipment and methodology is
presented for constrained tensile strength and
constrained tensile creep analyser. The analytical
methodology for the LSPCD is presented for both types of
analyses. Evaluation of geosynthetic strain is discussed
and several alternatives for equipment design are




The evaluation of control, index and performance
properties of geosynthet ics requires a wide variety of
equipment designed specifically for the application. New
test methods are developed and existing methods revised









almost on a daily basis. For these reasons, it is
imperative to define the terminology used m the reoort.
The following definitions are based on the most recent ;
usage in current literature.
I
3
The term geosynthet ics refers to the broad ,".
Geotextiles refer to a knitted, woven or non-
woven permeable textile Uied with foundation, soil, rock
earth or any other geotechnical engineering -re 1 ated
material, as an integral part of a man-made project,
structure or system (Christopher and Holtz, 1984).
'•
spectrum of materials which, when used in conjunction
with soil cr rock materials, improve the newly formed
composite system. Geosynthet ics are further divided
into three areas; geomembranes, geotextiles and
gecgrids. - L j
A geomembrane, according to the American Society
of Testing and Materials (ASTH) , is defined as: "Any
impermeable membrane used with foundation, soil, rock, X
earth, or any other geotechnical engineering-related
material, as an integral part of a man-made project
structure or system. " Geomembranes, due to their low
permativity and high resistance to deterioration, may be
used in conjunction with natural materials to improve
the performance of waste containment facilities.
"-
--
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Geogrids are materials which include webs, nets
and formed plastic sheets, used xn an application where
reinforcement of the soil structure is desired.
~ The ability of a geosynthetic to perform is a
function of its mechanical and chemical properties. A
variety of test methods have been devised to uefme
these properties. Unfortunately, the influence of test






analyzed. Three approaches are used in geosynthetic
property analysis; control tests, index tests and design
or performance tests.
Control tests are used by manufacturers to help
ensure that the minimum roll properties are achieved or
surpassed. Common control tests would be density and
thickness determinations, specific gravity and in some
cases unconfined tensile tests may be performed. As no
standard procedures exist for control testing,
comparisons of data between manufacturers is extremely
difficult. Consequently, control test data are used to
evaluate uniformity and consistency of the geosynthetic
and should not be used in actual design.
Index tejts are used to evaluate material
properties under controlled laboratory conditions.
Unconfined tensile strength and tension creep analyses
a
. „.„„
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are index tests which may be performed for several
geosynthetics under identical testing conditions. These
analyses may be compared to evaluate the relative
performance of these geosynthetics. However, the
boundary conditions used to perform index tests do not
approximate field conditions. Consequently, index test
values are not appropriate for design. To properly
account for soi 1 -geosynthetic interaction, design or
performance tests must be utilized.
In design or performance tests, the geosynthetic
is tested under conditions which simulate field
conditions. Soil type, confinement and loading
conditions, and complex stress transfer mechanisms which
may exist between the soil and reinforcement are
duplicated by the performance tests. The mechanisms of
this load transfer are not well understood and may vary
between geosynthetics. Since performance tests allow
conditions of the load transfer mechanisms to be
modeled, the results of the analyses may be used in
design.
A geosynthetic structure may fail by internal or
external means. External failure results from the
overall instability of the structure. Possible failure
mechanisms for a retaining structure are those due to









in foundation applications external failure would refer
to bearing capacity failure. These mechanisms may be
analyzed using conventional approaches. Three possible
internal failure modes exist for geosynthetic reinforced
structures; creep, pullout or rupture.
Polymeric materials and soils exhibit time
dependent behavior. The time dependent deformation of a
specimen under constant tensile stress is termed creep.
In comparison to soils, geosynthet ics are highly
susceptible to creep. Fortunately, the confinement of
the geosynthetic by soil reduces creep effects. Confined
tensile creep is the creep of a material constrained by
a frictional medium.
If an increasing load is applied to a
geosynthetic confined by soil, the geosynthetic will
eventually fail. The failure will be by either pullout,
rupture or a combination of the two.
If the frictional forces and passive resistance
are insufficient to constrain the geosynthetic, and the
forces developed within the geosynthetic are less than
those required for failure, the geosynthetic will s! lde
along the soil interface. This sliding is termed
pullout. Sliding may also occur along some weaK plane
within the soil matrix. In this failure mode, also
•.
.
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termed pul lout, the geosynthet ic is of sufficient
strength to withstand the imposed load and is of such
geometry to arrest the soil matrix forcing the soil to
yield at a location removed from the soi 1 -geosynthetic
interface. However, if the geosynthetic is sufficiently
anchored, and the stresses within the geosynthetic
exceed the confined tensile strength of the material,
the geosynthetic will fail. Such failure is termed
rupture.
-•
Confined tensile strength is defined as the
tensile strength of the geosynthetic while constrained
in a frictional media.
Background
The efforts of man to improve soil conditions to
his advantage are well documented. Early efforts such as
i
the use of reeds for adobe bricks and roadway !'
ij
stabilization have been in use for centuries and are in L
fact still extensively used in South America, Southeast \
Asia and many developing nations (Christoper and Holtz,
1984). R
Henri Vidal (1978), who pioneered the use of
reinforced earth in the 1960's, brought to the forefront
the advantages of Lension reinforcement to improve
f'j
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substandard soil conditions. Vidal began by placing
alternating layers of pine needles within sand. The
slope of the composite structure was observed to be
noticeably steeper than the pile of sand without the
pine needles. These simple observations led to more-
complex investigations and finally to the patent of what
Vidal termed "reinforced earth".
The concept of reinforced earth consists of four
primary elements:
1. A soil backfill which provides the
overburden pressure, the compression
resistance and shear strength;
2. Tensile reinforcing strips which form a
pseudo coherent material with the soil to
resist tensile stresses;
3. Facing elements at boundaries which prevent
rave 1 1 ing ; and,
4. Mechanical connections between
reinforcement i auu facing Clements (Lee,
1973)
.
One of the major concerns with reinforcid earth relates
to the long term durability of the metal strips.
The recent gain in popularity of geosynthe
t
ics in
the construction industry comes as no surprize. In
several applications geosynthe t ics have proven their
ability to substantially improve upon existing soil
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A
conditions at a 3ite. Geo synthetics can be used in a
.]j
variety of situations and have been found to be 1
:
Q
reliable, durable and easy to install. Figure 1-1
^
details seme common reinforcement applications for '.]
geotextiles. Unfortunately, as with most engineering
materials, adequate testing lags behind application.
^
Due to the lack of performance test data, 1
5
engineers have been forced to utilize the results of
index tests in the design of geosynthetic reinforced
evaluate soi
1
-geosynthetic interaction ln-soil tests
must be performed under conditions which simulate field
condi t ions.
Creep, the slow continuous deformation of a
material under conditions of constant stress, is a
phenomena of great interest in all engineering
materials. Creep behavior of geosynthe t ics has been the
J
structures. Index tests provide relative comparisons
J
between geotextiles yet provide very little information .•
regarding the ln-soil performance. As a result of the •*
lack of m-soil data and the fact that there exists very
M
little long-term field data, designs have typically been j
somewhat overconservat i ve or based on simple (hopefully D
3
conservative) designs. As will be discussed, the
influence of soil on the performance of the geosynthetic
H
is significant. It stands to reason that to properly 3
M
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Figure 1-1. Common Reinforcement Applications.





subject of particular attention (Coleman and Knox, 1357,
Fmdley et al, 1975, Holtz et al, 19 3 2, Onaran and
Findley, 1365 and Shrestha and Bell, 1932). In certain
applications such as the reinforcement of embankments
for hazardous wastes or retaining wall reinforcement, Ml
;->
catastrophic results may follow should the structures be
designed without regard to creep as a design parameter.
On the other hand, excessive conservatism reduces the
cost effectiveness of geosynthetic reinforcement and may
make other design alternatives appear more attractive.
As the analytical methods improve, more accurate design
data will lead to improved design methods and a better
understanding of the mechanics of the soi 1 /geosynthetic
interaction. This in turn will provide the basis for
less conservative, more cost effective use of




FACTORS INFLUENCING PULLCUT AND CREEP
OF GEOSYNTHETICS IN A SOIL MATRIX
Introduc 1 1 on
9
Creep of geosynthetics in a soil matrix is a complex
process involving both the interaction of the soil and
'* geosynthetic at the interface and the transfer of shear
stress to both the soil and the geosynthetic. Since soils
are composed of discreet particles, particle reorientations
•:
occur under the sustained loads (Williams, 1986).
Along the plane of maximum shear stress in the soil,
bond strengths vary due to the nature of the particle
contacts. Shear stresses are typically mobilized along an
area of weak bonds followed by a transfer of load to the
stronger bonds. The progressive nature of this shear stress
distribution results in the process of creep (Chris tensen,
et al, 1964). Mitchell (1964) postulated that the change of
creep rate with time may be attributed to changes within the
soil structure for a given soil.
iV Total creep strain can be divided into two
,.? components, volumetric creep and deviatcric creep,
r
'
Volumetric creep, or secondary compression, results from a
fl hydrostatic stress condition under drained conditions.
When ^hear stresses are imposed on the specimen deviatonc
strains may develop. If x.he shear stresses are less than
these required for yield to occur, the material will deform
as a function of time. Th^ strain at constant deviatoric
stress is the deviatoric creep. In the design of
geosynthetic reinforced structures, changes in shape or
deflection and deformation of the structure are functions




The factors which influence creep or the deformation
phenomena of soils at subfailure stress conditions also
influence the failure of the soil at larger stresses
(Mitchell, 1964). Analysis of deformation or equilibrium
conditions at a state of stress just below failure is termed
limiting equilibrium analysis and extremely important in
civil engineering design. In addition, with the knowledge of
the stress state which produces failure, creep analyses may
be performed. The creep analyses are performed at specified
stress levels, where the stress level is defined as a






The most common relationship used to describe the
failure envelope in soils is the Mohr-Coul omb theory which
states that:
T, c + , * t a n $ (2. 1)
where shear stress at failure ( FL ),
13
c - cohesion intercept t FL ' ),
Or - normal stress ( FL ) and,
$ - angle of internal friction (-)
The equation is an approximation of the yield function for
soils and may be in terms of either total or effective
stresses.
A more complete form of equation (2. 1) has been
suggested by Mitchell (1976) to be of the form:










The introduction of a polymeric material into the
:
»' soil structure results in additional factors which must
j be considered in the analysis of the system. These
additional factors are summarized in Table 2-1.
14
TA3LE 2-1
FACTORS INFLUENCING PULLOUT AND CREEP
OF GEOSYNTHSTICS IN A SOIL MATRIX
-1
SOIL CHARACTERISTICS
Angle of internal friction




























iSoil Char ac tens-
Void Ratio / Relative Density
f9
The void ratio of a soil is defined as the ratio
between the voluir.e of voids (Vv) and the volume of solids
(Vs), expressed as:
s
e : Vv/Vs (2. 3)
£ Void ratio is strongly influenced by particle size
distribution and shape. Terzaghi (1960) » hypothesized
that shear force is directly proportional to the area of
contact between soil particles. Since creep may be viewed as
deformation under stress states less than those that produce
failure, contact area would appear to have a proportionate
affect on creep behavior. Figure 2-1 demonstrates the effect
of contact area.
The effect of void ratio on angle of internal
friction for a concrete sand is shown in Figure 2-2. As
void ratio is reduced, interpart ic 1 e contacts between the
^Actually introduced in his 1925 publication,
Erdbaumechanik , which marked the first systematic treatment
of soil mechanics and its applications to foundation





(a) Locs* ( t) Compoc**a >r s>.a«in^
F1C. 1 LOOSE AND COMPACT STRUCTURE OF SAND
(Dt*fT»mJ traced from ilum.oum disc icjuuii
Figure 2-1 F'article packing and void ratio (after









3 18 23 33 48 S3 83 79 83 93 193 119
"Mr.HAL STRESS Usi)
Figure 2-2. E-f-fect o-f void ratio on -friction angle and shear










soil particles increase. This results in higher strengths
for the specimens at lower void ratios.
The relative density, Dr, is frequently used to
characterize the density of a granular soil:
e - e
D = -^- (100%) (2.4)re - e
.
max mm
where: e - void ratio of soil in densest statemm
e
max
void ratio of soil in loosest state
m-place void ratio
Evaluation and control of the void ratio is a major
factor both in design and creep analyses. In order to
sustain repeatable results in creep testing the soil should
be placed and compacted in a uniform manner to assure
uniform distribution of the soil.
Angle of Internal Friction
The angle of internal friction or friction angle,
<t> , occurs from the interpart ic 1 e shear resistance inherent
to soils. The angle of internal friction integrates all
those factors of resistance to grain displacements:
- 1
18
distortion, crushing, shifting, rolling, sliding, and
dilation, and those factors which depend on the soil
mineral, the particle angularity, roughness, sphericity,
gradation and relative density (Sowers, 1979).
Rowe (1962) concluded that throughout most of the
range of void ratios, three components contributed to the
strength of granular materials: 1) strength mobilized by
frictional resistance or basic mineral friction; 2) strength
required to rearrange and reorient soil particles; and 3)
strength developed by energy required to cause expansion or
dilation of the material. Figure 2-3 displays how these
three factors relate to relative density, void ratio and
friction angle.
The friction angle describes a limiting condition for
the soil at a given stress state. The interface friction
angle, designated 6, which is the frictional resistance to
deformation at the soi 1 /geosynthet ic interface, is related
to the angle of internal friction of the soil. In creep
investigations a specimen is loaded to a specified stress
level, followed by the observation of strains and strain
rates. Stress level is a specific percentage of the stress
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Figure 2-3. The three components contributing to the
strength o-f granular materials (a-fter Rowe,
1962).
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Soil structure includes the combined effects of
fabric, composition and mterpart ic 1 e forces.
Fabric refers to the arrangement of particles,
particle groups and pore spaces within the soil. In soils,
particles vary in size. Gradation of a soil mass is a
quantitative evaluation of the variety of particle sizes.
In the case of well graded soils, or those which have a
smooth distribution of sizes within some range, the trend
will be towards higher densities and lower void ratios than
soils with uniform gradation (i.e. particles all nearly the
same size). The most common method for determining particle
size for granular materia. s is by sieve analysis (ASTM
D4220-63). Meta-stable structures, which result from
certain depositional situations for granular soils can have
very high void ratios (Holtz and Kovaks, 1931). In compacted
soils, a meta-stable structure would not be encountered.
Composition refers to the mineralogy of a soil and is
a major factor in determining the shape, the texture and
susceptibility to weathering of a granular soil (Lambe and
Whitman, 1969).















edges and corners of a particle. Since dense sands diiate
during shear (Casagrande, 1940), angularity will result in
an interlocking of the soil particles amplifying the
frictional characteristics of dense and ioose sands.
Rounded particles will reduce shear strength and, all other
factors being equal, will result in more creep than a matrix
composed of angular particles.
For most granular soils, interpart ic 1 e forces play
only a minor role in behavior. Exceptions are found in
extremely fine quartz dust and the micas (Lambe and Whitman,
1969).
Duplication of soil structure in experimental
investigations will lead to more reliable predictions of
field response. Tins may be accomplished by following
standard procedures of compaction and control of moisture




The effective stress, which is the difference between
the the total stress and the neutral stress, represents that
part of the total stress which produces measurable effects
such as compaction or an increase in shearing resistance
(Terzaghi, 194S). Skempton (1960) pointed out that this was
actually a close approximation which produced little error
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ever, in partially saturated soils.
As a soil structure is loaded the pore water
initially takes on all of the load resulting in an increase
in pore pressure. If drainage is allowed the pore water
escapes from the imposed pressure and the soil gradually
supports more of the load. These analyses are frequently
accomplished in a triaxial chamber.
In the testing of geosynthet ics in soils it is




Geosynthet ic Character istics
Geosynthetic Type
Soil reinforcement by polymeric materials is
primarily accomplished through the use of geotextiles and
geognds.
Geotextiles are generally classified by their
manufacturing process. The three main geotextlie types are
woven, nonwoven and knitted. Polyesters, both woven and








parallel yarns interlaced to form a planar structure. Tr.e \J
weave nattern is generated by the method in which the two tlJ
sets of yarns are interlaced. '•!
A
Nonwoven geotextiles are formed from fibers arranged
in an oriented or random pattern to form a planar structure.
The fibers are bonded by chemical, thermal or mechanical
means.
Knitted geotextiles, which are formed by the
interlocking of a series of loops into a planar structure,
are infrequently used in reinforcement applications.
Geogrids are manufactured by two different methods
of polyester, polypropylene or polyethylene polymers.
These geogrids are typically produced by a drawing
technique. This is accomplished by first extruding the
polymer in a molten form through a die, and mechanically
stretching the material as it cools. This results in
orientations of the hydrocarbon chains within the structure.
This orientation resu; ts in increased tensile strength and
improved ductility of the thermally extruded polymers.
> Geogrids may be produced by two-dimensional
elongation of perforated sheets. This process results in a
» planar material with strands oriented in the machine
t
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junctions of *.ne strnnas and ribs are called joints.
.
:
An alternative method is to overlap strands of
extruded polymer in perpendicular directions and bond tine
two strands by neat welding or interweaving. Junction
strengths are generally appreciably lower than than the
junction strengths of the geognds produced by the
;•'
two-dimens lonai elongation processes.
The magnitude of the shear strength developed at the
soi 1 /geosynthet ic interface is a function of the degree of
interlocking between the soil and the geosynthet ic
Geognds, due to their op^n mture, result in high shear
resistance due to the deve 1 oprr.ent of passive resistance
during deformation. Strength of the junctions is critical
..ince very little shear resistance is developed along the
smooth polymer face. Specimen geometry, therefore, plays a
significant role in interaction behavior (Christopher and
Hoi tz, 1964). f.
•
:
Interface Friction Angle / Adhesion
Friction along the interface between soil particles
l
and a geosynthetic develops in a manner similar to the TT
v\
development of friction in granular media. This frictional y
resistance is termed interface friction. Figure 2-4 displays
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between geosynthetics and soil particles. Tne effects of
specimen gecrr.etry and surface roughness are apparent.
As Vidal discovered in his early experiments, a
pseudo-cohesion develops within the reinforced soil mass
(Vidal, 1973). The interface friction angle and cohesion
for a geosynthetic can be determined by measuring the shear
resistance at different values of normal stress in a manner
similar to the direct shear test for soils. The maximum
shear stress is plotted against normal stress as shown in
Figure 2-5. This results in the Mohr envelope of failure
for the reinforced system. The angle produced by this
failure envelope is termed the interface friction angle, 6
,








The stress strain relations for polymeric material [*
:>
are often nonlinear and highly dependant on the boundary
conditions and the strain rate. Three different means are i"
used to obtain various geosynthetic moduli; initial tangent,
offset and secant (Christopher and Holtz, 1964). The \
tensile elastic modulus, regardless of the method used in
its definition, provides an indication of geosynthetic
strength. To properly account for the effects of soil














The effects of interface friction provide for
increased moduli and strengths when compared to isolation
tests (Bell and Kicks, 1930). Both the confinement provided
by the soil and the fractional resistance result in these
increased strength properties. The composite system,
comprised of the soil and the geosynthet ic, acts as one.
The geosynthetic "binds" to the soil through friction and
interlocking mechanisms and therefore draws upon the
relatively high compressive strength of the soil and the
geosynthetic provides a transfer mechanism for the tensile
forces created an the structure. The confaned tensale
strength may be determined by several methods including,






The soi 1 -geosynthet ic system may be strongly
influenced by external factors. Environmental concerns
include ground water and its movement, surface water and
erosion, animal burrows, plant and tree growth, temperature,
ultraviolet exposure and chemical degradation. The effect of
most of these factors will result in increased deflections
as a result of the decreased area of influence of the
geosynthetic; a transfer of stress to those areas which are





unchecked these factors may result in structural failure.
Further, since creep by definition is time dependent, trie
designed lifespan of trie structure is also of concern.
Improper construction practices will also severely affect
trie adequacy of trie structure.
Temperature
According to ASTM test procedures, testing on
geosynthet ics is specified to be carried out at 21 02 °C.
Creep tests performed in this range are typically
conservative since most soil temperatures fall well below
21 C. In cold regions, where soil temperatures fall
substantially below 21 C, geosynthet ics may become less
flexible and more brittle. At temperatures above the
specified range, a reduction in modulus and tensile strength
may be expected (Bonaparte et al, 1934). Therefore, when
extreme temperatures may be expected, the analyses should be
performed at temperatures representative of field
conditions. In addition, in those instances where actual
conditions are known, tests could be modified to account for




Because the geosynthetic is an inclusion within the
soil matrix, water will tend tc flow along the
i,
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Ultraviolet Exposure
"The polymers used in geosynthetic fabrication are
subject to degradation when exposed to ultraviolet (UV)
radiation. Of the common polymers, polypropylene and
covered with soils, UV degradation is not a concern unless
30
soi 1 /geosynthet ic interface. In addition, seepage forces may
result in localized damage and possibly collapse of the
structure. If hydrostatic pressures develop with the
corresponding reduction of effective stress, catastrophic
failure may occur from the loss of friction at the
interface of the soil and geosynthetic. Seepage forces
may disturb the soil particle distribution in the area
around the geosynthetic and result in a corresponding
ri-
reduction in the interface friction. As discussed, the area <V
V",
along the interface is an area of high shear stress within >„-"
the soil. The deliterious effects of seepage forces and £-.
P
flow can be minimized through proper allowances for drainage
in design, however, it is normally impractable to prevent '.•*•








polyethylene have the poorest UV stability while polyester ?'.
has a greater resistance (Bell and Hicks, 1980). The UV <
radiation may result from natural sunlight or warehouse £-
r
fluorescent lighting. Since geosynthetics are normally tf
protection is not provided while in storage (on the project &
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after any constraction sequence. Stability of the fairies
may be increased by the addition of carbon black to the -
material during the extrusion process. Chemical stabilizers
are less frequently used to inhibit UV degredation.
f
Chemical Degradation
Host of the polymers associated with geosynthet ics
are highly resistant to degradation in the normal chemical
:
environment found in soils. However, in unusual situations
such as those found in hazardous waste containment
facilities or locations where the pore water is extremely
acidic or basic, special evaluations must be made to
' determine the effects of these conditions. To ensure
compatabi 1 l ty of the geosynthetic expected to be exposed to
a particular chemical the EPA 9090 test is commonly
conducted. This test involves the immersion of geosynthetic
s
specimens in baths surrounded by the particular leachate.
The baths are set at temperatures of 22 °F and 50 °F. The
two specimens are tested at the end of 30, 60, 90 and 120
days for weight, thickness, tensile strength, tear strength
and seam strength.
Construction Methods
Material placement errors and damage as a result of
poor construction practice and the lack of adequate quality
7"v*v:«
control may result in unexpected deflections w.thm the
reinforced structure.
Relatively few contractors have gained substantial
competence in the construction of geosynthetic reinforced
structures. Therefore, close supervision by design engineers
is imperative until the materials become more common in the
construction industry.
Factors of safety are commonly employed both to
insure against unknowns of soil geosynthetic response and to
circumvent damage and minor placement errors inherent m the
construction of the structure. In soil reinforcement,
a factor of safety of 1. 5 is commonly used. However, the use
of safety factors of 1. 2 to 1. 4, combined with the













Of the factors which influence the conservative
design of soi 1 -geosynthe tic structures, none is more
apparent than the lack of adequate in-soil test data.
Furthermore, tests need to be standardized m order to
obtain repeatable results from region to region. Three
international conferences have been held which have been of
great assistance in exposing the lack of uniformity of
testing programs and procedures throughout industry and
acedemic circles. Through the use of past experimental data
and apparatus designs, new equipment is developed which
improves upon previous experimental methods and equipment.
In addition to the type of equipment, the test conditions
under which the stress strain properties are evaluated
greatly influence results. Significant factors are
temperature, specimen geometry, clamping procedures,
specimen size and rate of loading (Christopher and Holtz,
1934).
Two basic types of equipment have been used to
determine creep and strength behavior of geosynthet ics in
soils; the pullout test and the direct shear test. The
triaxial test has been used in geotex t 1
1
e-soi 1 frictional
analysis only to a limited extent. These tests are depicted
33
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in figures 3-1 and 3-2.
In the pullout test the geosynthetic is encapsulated
in a soil mass under a surcharge lead. The geosynthetic is
Fulled laterally at a constant rate of deformation until the
geosynthetic fails due to rupture or until translation of
the geosynthetic occurs relative to the soil mass.
The direct shear test for soils and geosynthetics
is similar to the direct shear test performed on soils. In
this test a layer of soil is displaced at a constant rate
relative to a geosynthetic.
The triaxial test may be performed by either one of
two methods (Christopher et al, 1986). The first method
involves the placement of geotextile layers sandwiched
between alternating layers of soil followed by testing as in
a standard consolidated drained or undrained triaxial test.
The second method is a modification of the pullout test,
the geosynthetic is displaced in the longitudinal direction
relative to the soil in a triaxial cell. Figure 3-2 shows a
schematic of the two triaxial tests.
Numerical models have been developed for the creep of
polymeric materials and the creep of soils but to date none



























a. PULLOUT TEST DEVICE
MOffM *i, tO* O















b. DIRECT SHEAR TEST DEVICE (After Williams and
Houlihan, 1986)










































Figure 3-2. Triaxial tests modified to analyze in soil
















?':. 1 o v. t Tests
In Soil Apparatus
HcGown et al. (1932) developed an m-soil test
apparatus which is actually a modification to the pull out
test since the geotextile is rigidly fixed at both ends.
The device allows for the measurement of strains at each end
of the fabric through a set of rods which are connected to
dial gauges. The schematics for the testing arrangement are
shown in Figure 3-3.
One of the difficulties in the pullout test is the
measurement of actual strains in the geotextile. Maximum
stresses and strains typically develop in the area adjacent
to the clamp. The stresses are distributed along the
geotextile and reduce to zero at the free end of the
specimen (Christopher and Holtz, 1984). Typically average
strains are reported indicating an average over the entire
y,
gauge length, from clamp to free end. To properly account
for the unequal stress / strain distribution a system must
be in place to measure the distribution of strain along the
j
'a length of the geosynthetic.
In the apparatus developed by HcGown et al. (1962),
strains are averaged over the entire gauge length. Actual
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<b) Scheme -for measuring extension








higher than those reported.
Further, soil cover in this apparatus was li.Tited to
10 to 2 5 mm (.4 to 1 in. ) . Not only does this limit the type
soils which could re used, the small amount of cover also
imposes boundary conditions on the soil adjacent to the
geotextile, possibly resulting in soil slippage.
Conservative results would most likely be obtained if
slippage occured since the friction between soil and
geotextile is probably somewhat less than that of the





From the testing program, HcGown et al. (1932)
concluded that highly structured non-wovens and composite
geotextiles' strengths were significantly higher when tested
in soil. Yet the wovens, with similar structural
arrangements did not exhibit such a change. In fact, there
was not observed to be much strength gain in the woven
geo text 1 1 es. The small value of strength gain in the woven
geotextile as compared to tests performed in isolation was
attributed to the method in which the woven generates its
strength. The researchers explained that strength of the
wovens depended on the strength of the aligned tapes which
were not greatly affected by embedment in the sand.
Extension of this finding to other wovens should not be
taken for granted however, since geometry may play an
important role in other woven geotextiles.
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In an effort to simplify HcGown' s instrumentation,




El-Fermaoui and NowatzKi (1932) developed a sample
box to determine m-soil strengths of geotextiles. Testing
was performed on nonwoven and woven geotextiles at various
confining stresses. The test, shown in Figure 3-4, fixed the
one end of the fabric to obtain strength values, preventing
pullout from occurring unless the specimen failed by
rupture.
Because of the small size of the device, results
obtained are subject to significant influence from the
imposed boundary conditions. However the results, taXen as
comparative or index values do indicate that the effect of
confining pressure is significant. Caution must be exercised
in using the results from this type of test for design as
failure mechanisms in the field may be substantially
different than those developed in this test.
Comparisons of strength between wet and dry
conditions for wovens and nonwovens were also shown. Wet
woven geotextiles were shown to have a 30/. reduction (at 25'/.

















Fi gure 1-4. Sample Po:: for geote::tile tensile tests (a-fter





was attributed to tile water retained on the geotextile soil
interface clue to the rough surface of the woven fabric
resulting in slippage. Nonwovens displayed a 5/. increase in
observed, tensile strength. A wick action resulting m an
increase of effective stresses and reduction in void ratio
of the soil around the geotextile may have resulted in this
increase in strength. It would appear that a similar wick
action would develop for the woven yet the findings of this
paper indicate otherwise.
•
Zero Scan Test =»•
i
The zero span test, developed by Christopher et al.
(1986), utilized surface treated clamps in order to provide
simulated soil conditions. The test setup is shown in Figure
3-5. A tension test is performed under specific lateral
confinement provided by the clamps.
I
Average strains are calculated on the geotextile.
Actually, strains develop progressively from the center of
the specimen to the free ends as load increases. As £
previously explained, actual strains are probably higher
than those reported in their paper.
One problem with the test is that when the clamps
move apart, an unconfined length develops in the specimen












fig. 3. Zero Span Clamp Setup
Figure 3-5. Zero Span test setup (after Christopher et al .
1996).
l
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specimen. Failure is therefore induced in the specimen in
this area of stress concentration.
The measured angle of internal friction would be
expected to be less in this device since dilation effects
are negated by the simulated soil clamps.
Direct Shear Tests
Soil Fabric Shear Box
A large shear device was used by Myles (1982) to
assess the frictional behavior of soils and geosynthetics.
The box, depicted in Figure 3-6, provided results for
interface shear angles which were somewhat less than the
results obtained through the small, conventional type direct
shear apparatus. The larger size reduces boundary condition
effects and result in more realistic values. However, soil
was placed on only one side of the geotextile and the other
side of the geotextile was glued to a plate.
Modified Direct Shear Device
A modified direct shear device, developed by Williams
and Houlihan (1986), is shown in Figure 3-7. This device is
used for the evaluation of interface friction coefficients
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1957) and between multiple layers of geosyntnencs (Williams '-.
and Houlihan, 1965). '^-
Tne device accomodates specimens with dimensions of
12 by 12 inches placed between soil layers of approximately -/
2 inches m thickness. The large specimen dimensions limit
r."
the boundary condition effects which resulted in some '',
inaccuracy in previous analyses (Myles 1982 and Martin et
al. 19 84). S-
Triaxial Test t
Holtz et al. (1982) performed triaxial tests on a
concrete sand with horizontal geotextile inclusions similar
to the setup as depicted in Figure 3-2. The tests were
conducted on specimens 36 mm (1.42 in) in diameter and 73 mm
(2.67 in) in length, providing a length to diameter ratio of
2: 1. The circular geotextile disks were located at the upper
and lower third points and on the top and bottom platens.
All tests were consolidated-drained (CD) and principe.1
stress difference was calculated using initial specimen
cross-sectional area.
From these tests the researchers concluded that, at
high relative densities for the sand (Dr = 90X), geotextile
properties do not appear to greatly influence stress strain
or creep behavior of reinforced samples. Further,
u
,3
significantly larger axial strains and more creep were
observed in the geotextile reinforced sand when compared to
the unnemforced sand. Tne ultimate strength, deformation
modulus and angle of internal friction were all increased by
geotextile inclusions. These relationships are shown in




Several numerical and Theological models have been
developed to analyze the creep behavior of soils. Similar
models have also been developed for the treatment of
geosynthetic creep. However, no model has yet been
developed for the two materials as a composite system. The
present challenge then, is to develop a workable model which
provide? those constitutive relationships and a means for
determining the parameters involved with an acceptable
degree of accuracy and repeatability. An excellent
historical review and analysis of creep behavior is found in
Findley et al . (1976).
Three stages of creep have been identified, as shown
in Figure 3-9 (a). The application of stress leads to a
period of transient creep in which the strain rate decreases
with time. This is followed by creep at a constant rate,
then, depending on the material, the creep rate may
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Figure 3-0. Stress strain and creep strain relationships for
rein-forced and unr oi n f or ced tri axial specimens





(a) The three stages of creep (after Finnie and Heller.
1959)
T„T>«
(b) Stress relaxation (after Mitchell, 197<£>)
Figure 3-9. The st. iges of creep. Stress relaxation.
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primary, secondary and tertiary creep, respectively.
Under conditions of constant strain a system may
"relax'' tc attain a more stable equilibrium condition. This
results in a reduction m stress and is termed, stress
relaxation. Stress relaxation effects, which are illustrated
in Figures 3-9(b) and 3-10, have been studied to a lesser
degree than creep and stress relaxation effects are
typically ignored in design, resulting in an added degree of
conservatism (Bonaparte et al, 1965).
Mitchell (1964) utilized the Rate Process Theory
(Glasstone et al., 1941) to relate the shearing resistance
of soils in triaxial compression to frictional and cohesive
properties, effective stress, soil structure, rate of strain
and temperature. By holding constant conditions of
structure, strain rate and temperature, Mitchell reduced his
equation to the Coulomb equation (equation 2. 1 ) . Therefore,
creep can be uniquely defined by Mohr-Coulomb for various
fixed conditions.
Christensen and Wu (1964) studied the creep of clays
using the Rate Process Theory and compared experimental
results to the Kelvin-Maxwell rheologic model depicted in
Figure 3-11. The model was shown to provide good correlation




Figure 3-10. Influence of reinforcement creep and stress
relaxation on strain developed under working
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Figure 3-11. Rheological models used in the creep analysis
of soils (after Singh and Mitchell, 1963).
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Several etrer Theological models ha 1
so.Tie of winch are shown in Figure 3-11.
been orocose:
Singh and Mitchell (1968) stated that the primary
limitation of these models is they do not properly predict
the exponential dependence of creep rate and creep strain.
A three parameter phenemo
1
ogical relationship was used to
describe the stress- strain- tiir i behavior of soils within a
practical range of stress intensities.
Coleman and Knox (1957) utilized the Rate Process
Theory to describe the creep behavior of partially oriented
polymeric filaments such as drawn polyester fiber, rayon and
cotton. A simplified rate process theory was used which
yielded good agreement to experimental results.
Onaran and Findley (1965) employed a multiple
integral functional relationship as a constitutive equation
for nonlinear creep of a viscoelastic material under
combined stress. Kernel functions involving stress terms up
to third order were expressed explicitly for combined
stress -creep, and experiments were performed to determine
the Kernel functions. Comparisons between the Mul tl - Integral
Theory and experiment data for the polyvinyl chloride














Fiaure 3-12. Comparisons o-f Multiple Integral and Hyperbolic
Sine Theories to e>: per 1 mental data -for
materials subjected to pure tension (after
Dnaran and Findley, 1965).






Shrestha and 3e 1 1 (1932) compared the creep of woven
and nonwoven polyesters and po 1 ypropy 1 enes to the Rate
Process Theory and a curve fitting, three parameter
equation. More reliable results were found through the use
of the Rate Process Theory. Results of their work are
depicted in Figure 3-13.
The development of a numerical technique is beyond
the scope of this study. However, work in this direction is
presently underway at the Georgia Institute of Technology.
Cone lu s ions '-".-'
,
p
Several methods exist for the analysis of confined
tensile strength of geosynthet ics. Many approaches lead to
erroneous data due to imposed boundary condition effects of
the small devices. A Large Scale Pullout / Creep Device was
designed, fabricated and tested to improve upon previous
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The Large Scale Fullout / Creep Device (LSPCD)
provides a means for evaluating the m-soil tensile strength
and creep properties of geosynthetics. The LSPCD allows
testing to be accomplished under a maximum normal stress of
14400 psf and maximum horizontal pullout load of 16330
pounds.
The LSPCD consists of a rectangular structural steel




box (Figure 4-1) used to contain the soil and geosynthet ic ; f\
a clamp used to transfer load from hydraulic pistons on each
side of the box; and two pressure systems, one to apply a
normal load to a rubber bladder on the top of the soil, and
the other to apply pressure to an oil reservoir for the
hydraulic pistons. A linear variable differential M
transformer (LVDT) with two inches of linear range is used ^
to measure displacement of the clamp and a 25000 pound *
capacity load cell is used to measure force. Data "••
c
acquisition for the system is accomplished through use of a (2
•




is housed inside an environmentally controlled room enabling •")
control of temperature and humidity. Figure 4-1 is a view of d




detail of the jontainer assembly which incudes the box, the
hydraulic pistons and the clamping arrangement. A photograpn
: of these features is provided in Figure 4-2P.
', A complete listing of vendors, materials and costs
for the fabrication of the LSPCD is provided in Apoendix C.
!
> Container Structural Features
>
;
The containment box is constructed of standard
structural steel members and steel plate. The interior of
I
the box measures 54 inches by 19 inches. This length allows
for adequate anchorage of the geosynthetic within the soil.
Bolted connections were used throughout to facilitate
I fabrication in the machine shop and subsequent
reconstruction and placement in the environmental room.
A325 bolts were used throughout. All steel members were
I
primed with Pratt and Lambert Tech-gard E155 red oxide
primer and painted with E148 maintenance gloss enamel.
i
i
The bottom plate is a 53 by 24 by 1/2 inch steel
plate with 11/16-mch diameter drilled holes on 6 inch
centers around the edges to attach the channel steel walls.
A 1/2 inch spacer is used to support the plate bottom on the
I
environmental room floor as the bolt heads protrude through
the plate. ' Steel strips, 1 by 1/2 by 16 inches, are welded
J
to the interior bottom of the box on 12" centers to prevent
!
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The side Dane Is consist of two standard
the plate from becoming a shear interface for the soil.
Details of the top and bottom plates are shown in
Figure 4-3.
C d by Id. 7 channel sections stacked one atop the other to j>*
t
provide a 16 inch deep wall. Bolt holes are again drilled on
6 inch centers to match the bottom plate and center flanges. !\
['.•
Flange connections are used to connect the end channels.





End panels consist of two C 6 by 10. 5 channel
sections which are bolted to the top and bottom plates of
the box and connected to the side panel sections. The 4
.y
inch gap between the two channels is closed by two plates
which are slotted with a 1/2 inch slot for adjustment of the
gap. Adjacent to the front bottom adjustment plate a HDPE JS
100 mil (GUNDLE 100 mil) lining is placed which is cut
slightly taller than the front adjustment plate. This
prevents the reinforced section of the specimen from rubbing
against the hard steel plate and minimizes the amount of -
soil lost through the gap during tests. The rear panels are




end of the geosynthetic should this be desired. These r-
I
IS
features are detailed in Figure 4-4.






rubber bladder which imparts the normal load to the
geosynthetic. A 3/5 inch-18 threaded hole accepts the high
pressure gas line for application of pressure. The plate is
1/2 inch steel, reinforced on 5 inch centers with L 3 i/2 by
2 1/2 by 1/4- inch angle iron. The angle iron is welded using
a 4 inch fillet weld per 12 inches of length. Using ultimate
strengths for the steel and a factor of safety of four, this
design allows a working pressure of 140 psi. The limiting
factor however, is the surface between the plate and the
rubber membrane which, not being a machined edge, allows
highly pressurized gas to escape through microscopic
U imperfections in the steel. The top lid has been tested to
r; 100 psi with unnoticable leakage when bolted to the frame at




* As discussed previously, a rubber bladder is used to
apply normal load to the geosynthetic. This load is
'"*-i transferred through the soil which covers the geosynthetic.
"
^
The membrane is a 24 by 58 by 1/8 inch thick sheet of
\ industrial grade neoprene rubber. Cork cutters were used to
place holes to match the top plate. A standard 2250 psi
""* nitrogen tank provides pressure to the system. An OXWELD
\- #998355 non-bleeding regulator aliows adjustment of outlet
pressures from - 900 psi. The regulator was further fitted
I m
:j with a - 15 psi gauge to accurately measure low pressures.
t j
n
vCalibration for the pressure gauge used is provided m i'
are torqued to 40 ft-lbs. Using a safety factor of four, the
pressure vessel is rated at a maximum pressure of 650 psi.
The vessel was tested to 650 psi by first filling with water
and then pressurizing the system. The two pressure system
schematics are shown in Figure 4-5. Specific details of the
DAYTON model Z196A hydraulic cylinders are 4 inch bore
Appendix 3. A hi^h pressure 3/3 inch hose was used for the
connection.
A separate nitrogen tank is used to supply pressure
to a hydraulic oil reservoir which in turn, applies this
pressure to the hydraulic cylinders. A SMITH #H1883-580
regulator allows outlet pressures from - 1500 psi. Two 3/8
inch hydraulic hoses extend from the reservoir to the
hydraulic cylinders. The reservoir doubles as a pressure
vessel and is constructed of a 10 inch diameter schedule 40
pipe constrained by 3/4 inch end platens which are recessed




Eight 5/8 inch threaded bars clamp the assembly. The nuts v
f
oil reservoir are shown in Figure 4-6. XS
-
'--
Hydraul ic Cy 1 inders
j:
::The hydraulic cylinders are placed on each side of
the box to provide puliout force to the geosynthet ic. The
VVV
diameter cylinders with 16 inches of maximum stroke.
f
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Technical specifications are provided in Appendix 0. The
cylinders are attached to the longitudinal wall flanges and
end webs by a rear brace and front bracket which affix the
cylinders to the ^o:<. The front bracket is a stabilizing
bracket which aligns the cylinder and results in parallel
extension of the tandem cylinders. The rear brace provides
resistance to the force created by extrusion of the
geosynthet ic. These brackets are shown in Figure 4-7.
C 1 amp Assembl
y
The Clamp was designed to provide a thin profile
extending into the containment box. A single compression
load cell was incorporated in the assembly to measure
lateral loads at the clamp.
The clamp consists of a primary yoke, which provides
attachment to the load cell and connects the two hydraulic
rams, and a secondary yoke, which connects the clamping
plates with two steel bars and holds the load cell button.
The LVDT brace is attached to the clamping plates, which
secure steel plates to the epcxy reinforced geosynthet ic.
These components and their interrelation are shown in Figure
4-2.
The primary yoke is constructed with two C 6 by 8. 2
channels welded back to back with 3/4 inch spacers. The
<*.
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flanges are ;u*. away as shown in Figure 4-8 to accept the
hydraulic ram clevis. The front of the clamp is machined to
provide a smooth surface for the load cell mounting plate
which is made of cold rolled steel and machined to a surface
tolerance of .0002 in/ in. The mounting plate distributes the
load over the primary yoke.
The secondary yoke consists of two C 3 by 4. 1 channel
sections back to back, separated by 1/2 inch spacers. This
yoke has 11/16-inch diameter holes drilled in each end to
connect the bars which transfer load to the clamping plates.
The bars are drilled with holes at various lengths to
facilitate clamp setup during testing. The load cell buvton
is machined to match the curvature of the load cell pressure
plate. The button is bolted through the center of the
secondary yoke. These components are shown in Figure 4-8.
Clamping of the epoxy reinforced geosynthetic is
accomplished through the use of two C 4 by 5.4 sections.
The reinforced geosynthetic is sandwiched between two sheets








bolted in between the two channel sections. The LVDT brace •?
Kis attached to one of the center bolts. These details are h
shown in Figure 4-9. A photograph of the clamp assembly is








The potential weak link in the clamp system iesign is
the reinforced section of the geosynthet ic. Epoxy resin is
used to provide a stiff section resistant to deformation and
creep. Technical specifications for the HAGNABOND 2014
epoxy resin and a 346 curing agent are provided in
Appendix D.
s Data Accra s 1 1 1 or. System
The Data Acquisition System (DAS) utilizes a PC-Hate
Lab Master board to retrieve analog data; a BASIC program
"DATA2. BAS" to process the data and tabulate the results; a
LEADING EDGE Model D computer and printer; a DC power supply
and amplifier to supply power and amplify response of the
load cell; and a signal conditioner to amplify the LVDT
signal. The interrelationship of these components is shown
in Figure 4-10.
The PC-Mate Lab Master board consists of a mother
board which fits into a slot in the computer. The switches
on the mother board are set to one of several addresses in
accordance with the board installation procedures. Figure
4-11 indicates the switch setting for this setup and shows
the switch setting for the address of 7S4. The daughter
board is then connected to the mother board via a 40 pin
wire.
56
The daughter board is Kept remote from the computer
in order to accurately convert tne analog to digital '.ita
away from computer interference. Because of the lew
operating voltage of trie load cell, a KZFF model 122 DC
amplifier and SORESEN model GRD 50-5/30-1 DC power supply
were used to boost trie signal to the d?j.ghter board.
The LVDT signal condi t ionj ng unit provides an AC
voltage supply to the LVDT and amplifies the resulting
analog signal. The analog Signal from the LVDT is sent via
cable to the daughter board of the DAS.
Load Cel
1
cell specifications and factory calibration are provided in
Appendix D. Calibration for the acquisition system is
LVDT
The linear variable differential transformer (LVDT)
is used to accurately measure displacement. The device is
set up for either of two LVDT's; one is a 1000 HR SCHAEVITZ
AC LVDT which is used for pullout tests and has 2 inches of







Compression loads are measured using an INTERFACE
I
model 1221 load cell and the DAS described above. The load <•".!
I








creep analyses, which has a 5 inch total '.mean range. Tes'
and inspection data along with linearity calibration curves
are provided in Appendix D for both LVDT' s.
Environmental Room
The environmental room is an insulated chamber in
which temperature can be closely controlled. The room was
tested at 70 F for one week and did not vary by more than
.2 °F. The room is a LAB-LINE instrument model 1766AUX H.
Humidity, which may also be controlled by the environmental
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FIGURE 4-10. DATA ACQUISITION SYSTEM







0) 01 vO 01
j) 8) o









<r 1—1 1— 31
X -H f— » 01
r» < <: i—l 1-





pd 3 3 3











































The operational procedures for ttie tensile pullout
and tension creep analyses are desribed below. The
methodology includes a description of the preparation of the
geosynthetic, the soi 1 /geosynthetic placement and
compaction, application of normal load, placement of the
clamp assembly, start-up of the DAS, and procedures for the
tensile pullout and tension creep analyses. Problems
encountered during initial test setup and those encountered
subsequently are addressed.
Geosynthetic Preparation
Extreme care should be exercised in preparation of
the reinforced section of the geosynthetic. Steel sheets are
used to confine the epoxy laden reinforced system during
cure. Procedural steps are outlined below:
(1) The geosynthetic is cut to the desired length of
embedment plus 18 inches to allow for the reinforced
section.
(2) Four pieces » f TREVIRA 1120 nonwoven geotextile are
cut; two 15 1/2 by Id inch sections and two 3 by 15
inch strips.












the location desired for curing of the epoxy
reinforced section. The plate is covered wit.ii a large
sheet of FVC plastic sheet to prevent epoxy from
bonding to the steel.
(4) Materials are arranged. Protective gear including
rubber gloves and eye protection is worn.
Ambient temperature is recorded.
(5) 125 cc of the epoxy is mixed with an equal portion
of the curing agent in a large tin. Thorough mixing
of the two agents is required.
(6) One of the large sheets and small strips of the
Trevira are impregnated with the epoxy mix. To
ensure saturation of the epoxy into the nonwoven, the
cloth is Kneaded by hand.
(7) The large sheet of epoxy impregnated Trevira is
spread onto the plastic covered steel. The small
<".




(8) The impregnated nonwoven is covered with tne r
iV
geosynthet lc. r*
(9) Steps (5) and (6) are repeated and the cloth is L.
spread over the geosynthet ic. Again, the strip is \-.
placed to reinforce the bolt hole locations.
wi
(10) The specimen is covered with a plastic sheet and
another 16 guape steel sheet. Approximately 20 to 30




LI) Af-.er curing for 24 hours, the specimen is trimmed
with a band or saber saw and li/io-inch diameter
holes are drilled to fit the clamping plates.
(12) The two C 4 X 5.4 clamps are bolted to the
sandwiched steel and reinforced section.
Curing time is temperature dependent for this epoxy.
Stress concentrations develop in areas around the bolt
holes, therefore, it is imperative that adequate time is
provided for the complete curing of the system. One sample
which had been prepared as above but cured at approximately
55 °F deformed a total of 3/16 inches during a pullout test.
Longer curing times must be taken if temperatures fall below
70 °F. Temperatures should be kept above 75 F if possible.
Soi 1 -Geosynthetic PI acerr.ent /Compact ion
The soil may be placed and compacted using any means
which assures placement at a uniform void ratio. For the
concrete sand utilized in the tests run herein, two types of
compaction methods were used; one involved the use of an
air-driven compaction foot and the other, a manually
operated drop ram.
The soil is brought to conditions of desired moisture
content. The soil is then compacted in 'd I / P. to 3 inch loose
llfLs. The manually operated drop ram was utilized for most
34
^s Df tiie analyses as it did net scatter the soil as -ucii as
the air driven foot. Slightly lower densities *ere obtained
i
gp for the drop raa, but the void ratio and density were
uniform.
-"-
After the soil is rompacted to mid-height of the
frame, the reinforced geosynthetic is placea through the
r
rj-
[." slot in the front of the box. An 3 by 15 inch section of
,r» plywood is used to support the claxr.p. Care must be





loading is accomplished through the center of the box
without regard to placement of the specimen. Soil is added
»•. to the top of the geosynthetic and compacted, again in
2. 1/2 to 3 inch loose lifts. When the soil layer is level
with the top of the box, a screed is used to level the soli
"**
at a height 1/4 inch below the top of the frame. This
I
-"
ensures equal application of normal pressure. Finger
B pressure is applied m the corners of the soil to ensure
that the soil is of sufficient compaction to resist the
bladder pressure. Additionally, soil is molded in the
corners to provide a smooth transition for the otnerwise
sharp corners of the frame. If fine grained materials are to
be used m the test, compaction method and water content
would be altered to achieve the desired structure.
IS
I
given additional torque until leakage stops. The system is
rechecked for additional leaks as necessary.
CI amp A ssembl y P 1 acement
The hydraulic rams are extended to clear the clamping
plates and accept the primary yoke. This is accomplished by
applying slight pressure to the oil reservoir. Care should
be taken not to overextend the rams as this would
35
Normal Load Appl icat ion
The rubber membrane is placed over the compacted soil
and aligned over the bolt holes. The flanges should be free
of any soil which would interfere with the seal of the
membrane. The membrane is clamped on the ends with large
document clamps to prevent slippage during placement of the <
top plate. After placement of the top plate the document 1
j
clamps are removed and the top plate is aligned to the frame
by installing the A325 bolts and washers. The bolts are
tightened to a torque of 105 + 05 foot-pounds.
i
»
After connection of the pressure hose to the top
j
plate, the system is pressurized to the desired test level
and checked for leaks. To ensure integrity of the bladder,
4
the pressure is backed off from the regulator. Observation
<
of the pressure gauge will indicate any leaks in the system.
t






necessitate the removal of the hose supplying normal load to
retract the cylinders. The primary yoke is installed on the
hydraulic ram clevis. Clearance between the primary yoke and
the clamping plates should be about 1 inch. The secondary
yoke is fitted with the load button and the connection bars.
The bars are threaded through the opening in the primary
yoke and supported by 1/8-inch diameter roller pins in the
slot on the primary yoke. The bars are connected to the
clamp by 5/8-inch diameter pins or bolts. Depending on the
clamp placement, the bars may be adjusted by altering the
bolt connection at the secondary yoke. The LVDT is then
placed in the clamp and lightly secured.
Data Acqui si t ion System Check
The procedures for the computer program operation are
listed in Appendix A. After the program is installed and
booted, the system electronic components may be tested by
observing data output.
Once the components have been determined to be
operating correctly, the load cell is seated and the LVDT is





Pul i out Test
The tensile pul lout test may be performed m one of
two modes; stress control or strain control. In the stress
control pul lout test loads are gradually increased by
applying pressure to the oil reservoir. The analyses in this
paper were performed at a loading rate of approximately 150
lbs/nun. This resulted in deflection rates which varied
between 0. 005 to 0. 1 inches per minute. Force continues to
be applied until rupture or pul lout of the geosynthetic is
observed.
Results are plotted as alpha versus deflection of the
clamp. Alpha is the total load on the geosynthetic divided
by the width of the specimen.
The reinforced section of the geosynthetic should be
ckeckea for signs of failure around the bolt holes.
Creep Test
The creep test, although not performed in this
investigation, would be accomplished in the following
manner. First, steady state conditions of temperature would
be established in the environmental room. A tensile pul lout




for the perscribed soil and boundary conditions. A load
.-
3 3
would then be applied to the geo synthetic corresponding to a
specified percentage of the failure load. This stress level
would then be held constant and deflections would be
monitored as a function of time. The time interval for





Pressure is released from the oil reservoir and top
bladder at the conclusion of the test. The clamp assembly is
disassembled and the hydraulic rams retracted into the
cylinders. This is accomplished by attaching the pressure
hose to the front of the cylinders and applying pressure.
The top lid bolts are removed and top plate removed. A
container is used to hold the soil as the specimen is
removed from the box.
A cylinder is driven into the soil layer and a soil
specimen is obtained. The void ratio, moisture content and




The data points may be stored on a floppy disk in a
data file. The data file may be accessed by MICROSOFT Chart
wqwwpgwwiuHi U9\jmf**mcm*tfm?*imr*F>t-~ " J" yimimtmm^mrm/imvi^w^ , ' ' j*W^ ;i.wgJ<ja.Mpw^wwfWjjWWi
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software which is used to plot out the data. A submt erval
is normally used for plotting due to the large number of
points generated during the test.
Safetv Precautions
Because of the high pressures and loads associated
with the operation of the LSPCD it is important to exercise
caution while operating the device.
The oil reservoir has been tested to 650 psi with a
safety factor of four. Over time the connections may loosen
due to fatigue. Therefore, the bolts should be tested for
the proper torque of 40 foot-pounds. The O-ring ser.ls may be
expected to deteriorate over time and should be immediately
replaced if any leakage is noticed. when servicing the
vessel, the general condition of the steel should be noted.
Any corrosion or damage reduces the factor of safety.
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RESULTS
Introduction
Two sets of data were generated in this
investigation. First, a series of standard soil tests were
completed on the granular soil and second, pullout data were
obtained from the LSPCD during tensile pullout tests at
various boundary conditions.




The soil used in the investigation is a light tan
fine concrete sand which was obtained locally. The soil is a
limestone sand with a USCS classification of SW. The testing
program included a sieve analysis, relative density





The gradation curve, shown in Figure 6-1, is the
average of three tests performed on the sand. The sand is
uniformly graded with a coefficient of uniformity of 3. 1 and





Results from the relative density determination (ASTH
D2049) on the sand are summarized on Table 6-1. Minimum and
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respectively. This corresponds to a maximum dry density of
100. per and a minimum dry density of 79. 3 pcf.
The standard Proctor test (ASTM D698) results are
provided in Figure 6-2. The moisture density curve exhibits
the characteristic flat shape for sands for a range of
moisture contents. One distinct advantage is apparent in the
use of this material for the investigation. That being the
large range of moisture contents for which approximately
equal densities may be obtained.
A total of nine direct shear tests were performed.
Three Mohr failure envelopes were developed representing the
variation in strength properties as a function of void
ratio. A comparison of the Mohr envelopes is provided in
Figure 6-3. Individual plots of Mohr envelopes, shear stress
versus strain and <;hear stress versus volumetric strain are
provided for void ratios of 0. 72, 0. 86 and 0. 99. The






respectively. These plots are incorporated
into Figures 6-4 through 6-6. Normal loads used for the
direct shear analyses were; 20. 50 psi, 51. 25 psi and 102. 50
psi (2952 psf, 7380 psf and 14760 psf).
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Signode TNX-a50 Geognd
The material used in this investigation is a
polyester (polyethylene Terephthal ate ) geognd manufactured
by Signode Industries, Inc. The trade name given the geognd
is TNX-250.
The grid is produced by overlapping strands 0.47
inches in width by 0. 03 inches in thickness into a square
_j pattern with nominal dimensions of 3 by 3 inches, center to
center. The geometry is depicted in Figure 6-7.
i The geognd has a wide width tensile strength of 3000





Results of a wide width tensile test is presented in Figure
6-8. It is chemically stable, stabilized against UV
degradation and is biologically inert.
*
«
These data were obtained from manufacturer literature
r>
which is included in Appendix D.
~ Pul lout Tests
.*•
/-
A total of eight pul lout tests were performed. Early
:<
j test data, where methodology for the test was being
developed, were discarded. Data from five tests are
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confining stress of 640 psf and two others at 1590 psf.
Embedment length was varied in the testing program. Void
I
ratios varied between 0. 32 and 0.35 with one test being
performed at a void ratio of 0. 90.
Results are plotted as alpha, which is the force on
the geosynthetic per foot of width, versus the horizontal
deflection of the clamp. A comparison between the
geosynthet ics tested at various embedment lengths and equal
confining stresses is presented in Figure 6-9. Figure 6-10
presents a similar comparison for the two specimens tested
at a confining stress of 1590 psf. A comparison between the
specimens at different confining stresses while maintaining
equal embedment is provided in Figure 6-11 for the 15. 19
inch embedment length. Figures 6-12 through 6-16 are
individual plots of the five tests. Table 6-4 is a
collection of the essential data achieved as a result of the
analyses. Photographs were taken of the failed geogrids
tested in the analyses and are provided in Figures 6-17P
through 6-19P.
The alpha versus horizontal deflection curves exhibit
the e
1
asto-pl as tic behavior which would be expected for this
material. Ttie effects of both confining stress and embedment
length are as expected. In the two specimens which failed by
pullout the alpha/deflection curve flattens out and the
shape is similar to that observed for soils. However, in
«-—g— T* < \ —,^v^ 'V ',f*T-,li '«-'* t * .^.4 m>iwi <. • •!••*
-
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those specimens where the failure mode was by rupture,
increasing values of alpha were observed with increasing
rates of deflection until rupture finally oc cured.








If the geosynthetic is under high confining stress
and/or is placed with long embedment lengths, large strains
develop in the longitudinal strands adjacent to the clamp.
Small translation prevent rotation of the nodes and ribs.
The large strains result in rupture in the longitudinal
strands adjacent to the clamp. This failure mode is depicted
in Figures 6-17P.
Under moderate confining stresses and/or moderate
embedment lengths, large translation occurs which results in
both rib and node rotation. The rotation of the ribs coupled
with the translation of the geogrid results in the
development of passive pressures. The large translation of
the nodes and rotation of the ribs leads to areas of high
stress concentration in the area just to the front of the
node. '//hen this occurs either the longitudinal strand
ruptures or the rib delaminates (peels away) from the
longitudinal strands. Both mechanisms may be observed
throughout the geogrid as shown in Figure 6-18P. A condition
may exist whereby all of the ribs delaminate from the
i
\ v -i-r-.—\r-"v^ ^.- ^.
*
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structure without any rupture of the longitudinal strands,
this mode is shown in Figure 6-19P.
In the third failure mode, which would occur at low
confining stresses and/or small embedment lengths, a soil
shear plane develops in an area adjacent to the ribs. In
the geogrid, the stress and strain distribution are
relatively constant over the length. Interface friction
parameters may be determined for this failure condition.
Large translations may result in the rotation of the nodes
and ribs. Due to the smal 1 confining stress, however, the
translation is insufficient to result in delammation of the
grid. Hence, a yield plare develops within the soil outside
of the ribs.
In summary, of the five geogrids examined in this
investigation, two failed by the delammation mode and three
by longitudinal strand rupture.
The unconfined tensile strength of the geogrid is
3000 pounds/foot (Appendix D). In the confined analyses
where longitudinal rupture dominated the failure mode,
the confined tensile strength was approximately 4500
pounds/foot. Frictional forces at the interface account for
the additional load carrying capacity of the geosynthet ic.
In the case where delammation was the predominant failure











failed at 3110 psf while tne specimen under 1590 psf of
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FIGURE 6-4. DIRECT SHEAR RESULTS FOR DENSE SAND (e = 0.72)
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: FIGURE 6-5. DIRECT SHEAR TEST RESULTS FOR MEDIUM CONCRETE
SAND (e - 0.86)
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FIGURE 6-7. PHYSICAL CHARACTERISTICS OF SIOJ0DE TNX-250
106
TA3LE 6-2
RESULTS OF PULLOUT ANALYSES
'
Test Embedment Confining Alpha w
# Length Stress (lbs/





1 42. 15 730 4520 8.
2 18. 25 780 4666 14. 4
3 15. 19 780 3030 14. 6
4 1 5. 19 1530 4320 15. 2
5 12. 25 1530 41 10 15. 3
. 85 54. 7 rupture
. 90 43. 3 rupture
. 83 59. 3 pul lout
.82 61.6 rupture
. 83 60. 2 pul lout
Notes
1 - Confining stress equals weight of soil above
geosynthetic layer plus bladder pressure.
2 - Pullout indicates delamination of all rib members.
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•«-4 The rate at which geo synthetics will be used, in the
construction industry will undoubtably continue to increase.
One of the major unknowns m the design of geosynthet ic
reinforced structures is the creep and confined tension
benavior of the composite structure. A better understanding
K of confined tensile strength and creep of geosynthet ics will
r7 lead to better predictions and more cost effective designs.
k."-
K^ Confined tensile strength and creep of geosynthetics
are complex processes which are a function of several
parameters. These parameters can be broken down into three
broad areas: those pertaining to soil characteristics, those
pertaining to the geosynthet ic properties and, those
pertaining to the environment.
£! Presently three methods have been developed for the
£-.. analysis of confined tensile creep and confined tensile
strength: a direct shear test, a pullout analysis and the
triaxial test. Many of the devices used in the analyses,
however, have severe limitations due to the Boundary
conditions imposed by the device. These boundary conditions
,. may drastica'ly affect results.
C-"
!"*• Numerical models have been proposed for the analysis




however, has yet. ieen developed for the two materials
working as a composite.
A Large Scale Pullout / Creep Device (LSPCD) has been
designed, fabricated and tested at various boundary
conditions. The LSPCD has a broader range of loading
capability than previous instrumentation. Confining stresses
may range between and 14400 psf. Pullout loads up to 16330
pounds may be attained with the device.
A concrete sand was utilized in this investigation.
The void ratio of this sand was easily controlled through
the use of either the manually operated ram or the pneumatic
drop hammer. The manually operated ram was chosen for most





For the geogrid tested in this investigation the •*
'_.
following conclusions may be drawn: \-\
'j
1. The confined tensile strength of the geogrid is [7
s
typically higher than the wide width tensile strength. |\
!\
,s
For the boundary conditions evaluated, an increase in %






Iss • - -^2.. Under conditions of equal confining stress,
snorter in embedment length will fail at lower confined
tensile strengths and with larger horizontal
def 1 ec t ions.
I
-.
3. Under conditions of equal confining stress, failure
of the geogrid occurs at distances further away from the
clamp until the geogrid is of such length to produce
pullout. Therefore, embedment length may significantly
affect stress and strain distribution in the geogrid.
4. Relatively small deflections were required for the
material to achieve high confined strength. Therefore,
the SIGNODE TNX £50 geogrid is an ideal material for use
in retaining walls where large deflections would be
into 1 erabl e.
5. Under conditions of equal embedment length, increased
pressures wj l l result in larger confined tensile
strengths and decreased horizontal deflections.
:•
j
6. The mechanisms of stress and strain vary under
different boundary conditions. Three possible failure






In tins mode the geosynthetic is placed under a
high normal stress { a ) and/ or has a large embedment
n
length (Le). The total force developed (a.) in the
geosynthetic is the result of two factors; the tensile
strength ( T ) of the longitudinal strands and; the
shear forces which are mobilized on the failure plane
in the soil. Because of the confining stress and/or
the anchoring mechanism provided by the embedment
length, translation of the ribs is prevented. Thus,
the longitudinal strands adjacent to the clamp are
under high levels of strain. The increasing stress
results in rupture of the longitudinal members
adjacent to the clamp.
• Mode II:
Moderate confining stresses and/or a moderate
embedment length characterized this mode. The total
force developed within the geosynthetic is the result
of the delamination strength of the nodes and the
shear strength mobilized on the failure plane in the
soil. The geogrid translates due to the moderate
confining pressures and/or the shortened embedment
length. This translation results in a rotation of the







frcm the longitudinal stands. However, prior to
del animation, stress concentrations develop .In the
area adjacent to tne node which may result in failure
of the longitudinal member prior to de 1 aminat ion.
The failure mode is characterized by a large
translation of the nodes, deflection and rotation of
the ribs, stress concentrations at the nodes and
delamination of the ribs.
• Hode III:
.'
Low confining stresses and/or small embedment
lengths characterize this mode. The shear stress at
he interface is the only component which results in
the development of force in the geogrid. Due to the
low level of confinement large translations may be
expected with small deflections of the ribs. The grid
would be expected to distort very litle in this mode.
The conclusions regarding Mode III have not been








The following improvements are recommended to
provide either more efficient operation of the device and
more accurate data which may be duplicated in other
1 aboratones.
1. Modify the pressure system to provide strain rate '.
control. Presently the system is stress controlled. \
More consistent results will he obtained with the
introduction of strain control. v
j
2. The LSPCD is presently manually operated by altering
regulator pressure. In conjunction with strain control,
a control panel would greatly facilitate operation of
i
the device. The control panel would integrate all
mechanisms for the device. \
«
3. If geosynthet ics continue to be tested which are of
lengths substantially shorter than the LSPCD, a channel
\
should be attached to the side panels and a shorter lid |
constructed. This would facilitate lid removal,
j
i
extraction and recompaction of the soil. ;
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RECOMMENDATIONS FOR FURTHER RESEARCH
Several avenues of approach may be taken using the
LSFCD as either a design or research tool. These
recommendations are listed below.
1. Creep experiments were not conducted in this
investigation. Creep studies should he carried out and
comparisons made to Rate Process Theory, the Hitchell-
Singh model and other numerical relationships.
y 2. Much work remains in the development of constitutive
relationships for confined geosynthet ic creep. These
relationships would both benefit in the physical and
chemical design of the geosynthetic and in the design of
::
•- structures utilizing geosynthet ics.
3. Tests conducted in this investigation were conducted
r,






variety of soils and conditions will be encountered.
Pullout and creep behavior of geosynthe tics encapsulated
in these other materials should be investigated.
4. In the pullout device, stresses and strains are
maximum at the clamp and progress to zero at the free
end. Presently, no method has been developed which can
accurately measure these varying strains. Work is
124
' Tr-w»^**«—•jf\^* , <^ —j~"m"9r—vt*-v~~s~- ^»»* V V7 «^m rv r^' ^>—• r V » , ' ' r *»T. *»" . **"'J ¥lfT <rvTvri - tf-w J - I * V w-j w j-» v^"tf^TTW 1
125
presently underway at the Georgia Institute of Technology
to utilize a plexiglass pullout box and X-ray analyses to
monitor the strains of a geosynthetic impressed with lead
beads.
5. Only a limited range of pressures was used in this
investigation. Void ratios were Kept approximately
constant. Properties and conditions need to be varied
over a larger range m order to develop meaningful
relationships between these parameters.
6. To verify Mode III, the condition of low confining
stress and/or short embedment length, pullout tests
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-APPENDIX A: DATA2. BAS USER'S MANUAL
DATA2 is a basic program which is used to:
1. Assign the starting address of the LABMASTER
board,
2. Receive input parameters of specimen geometry and
5. Mathematically convert the digital data to force
or displacement and,
6. Print the results.
Variables utilized in the program are listed on Table A-l.
Program Ope rat ion
After the computer is booted with the MS-DOS systems
disk the proceedures listed below are followed:
1. Replace the DOS systems disk with the LABPAC 2.
1
disk, at the A prompt type:
A> Labpac





3. Provide flexibility to the user with regard to
testing interval,















3. Load the DATA2 program by depressing the F3
function Key and typing:
Icad-DATAa
4. Hit the F2 function Key to execute the program.
5. The program will request two input parameters,
specimen width and time. Enter the specimen width in
inches and the time in the format HH:HM:SS.
6. Values for the LVDT, ALPHA, load and time are
displayed on the screen. The LVDT is adjusted to the
limit of its linear range.
7. Ctrl-PrtSc is depressed to send results to the
printer.
d. Selected data points are entered onto disk for





Computer Variable Description Units
W Specimen Width Inches £3
T* Time HH:HM:SS
VOLTAGE Voltage reading from mV
A/D Converter
DEFL Deflection at the Inches
C 1 amp
LBS Force measured at the Pounds
CI amp
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APPENDIX C. LSPCD MATERIALS LIST
Items listed are those purchased in the fabrica











58 X 24 X 1/2
6 X IS 3/3 X 1/2
1/2 X 1 X 12
L3 1/2X2 1/2X















C 3 X 4. 1
C 6 X 3. 2


















Hydraulic Cylinders, Dayton Z196A 2
Valve, HP, Speedaire 2
Hose, Flexible, HP, 4Z217 3/8 X 60 3
Hose, Flexible, HP, 4Z218 3/8 X 96 2
Adapter, 6X334 10
Adapter, Hydr 90, 1A164-1, 1/2 X 3/8 4
Pipe, Male 90 e 1 b, 6X836-7, 3/8 4
Regulator, Oxwe 1 d 998335 1
Regulator, Smith H1333-580 1
Nitrogen Tanks 2250 wp 4
Pipe, sched 40, 10" ID X 12" 1
Steel plate, 3/4 X 12 X 12 2
Rod, Threaded, 5/3-13 12'
Rubber, Neoprene, 1/8 X 30 X 60" 1


















Sys : 1 135
135
136
TEM, SIZE GUAM VENDOR COST
Load Cell, Interface Model 1221
LVDT Schaevitz, 3 000 HR








IV. DATA ACQUISITION SYSTEM v\
•I
3











F Fasteners of Georgia 691-8301
4777 Fulton Industrial Blvd
Atlanta 30336
G W. W. Grainger, Inc. 955-8753
22 5 5 NV PKWY SE
Marietta 30067
M Miller Arc Welding Equip 875-7551
Pye Barker Welding Supply Co
67 1 Wheeler St NW
GR Georgia Rubber 355-0830
\ 1643 Chattahoochee Ave NW
fe Atlanta
T Tull Metals Co 449-1611
6058 Bunt Roc Blvd SW
At 1 anta
H Holox Co 524-0242







Interface c/o Electro Scuth 993-6245
1009 Sun Val 1 ey Dr
Roswel 1 30C76
Schaevitz (609) 662-8000
US Route 130 & Union Ave
! GI Gainesville Iron Works (Charles Davis) 521-3356
5' 890 Main St SW
Gainesville, GA 30501
DP Dixie Packaging Co 874-6026
1009 Marietta NW
Atlanta, GA 30318
MP Magnolia Plastics 451-2777
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INS rALLATION INSTRUCTIONS & PARTS LIST J
HYDRAULIC CYLINDERS














^Ti?^t^5n^VoLi-X^IF0RE ATTEMPT'NG TO INSTALL, OPERATE OR SERVICE DAYTON
ANCHOR PRO^ErTy'SaMAGeI
C0WPLY WiTH INSTRfJCTI0^ C0U1-D RESULT IN PERSOnIuSj™
RETAIN INSTRUCTIONS FOR FUTURE REFERENCE.
Unpacking
Inspect contents for possible shipping damage Make
sure port plug (1). pins (2). SAE to NPTF adaoters with





These Dayton double-acting tie rod hydraulic cylinders
are designed for heavy duty applications in agricultur-
al, transportation, and construction equipment. The
cylinders have a maximum operating pressure of 2500
PSI_ Units have SAE O-rmg ports to eliminate leakageNPTF adapter fittings are included with cylinder
— E— L.MJ— STROKE
1 RETRACT
Figure 2 — Dimensions
Jrtj
Specifications
















FORCES IN LBS. @ PSI
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:~m 53"! 5:3 MODELS 4Z"I£3A THRU 4Z196A, 4Z-J-3A 1 4Z449A
- D
GeneraiScJety lr,:or-r:3':cn
1. Do ncl 5xceed_2Crj PS1 operat ng pressure.
2" Overpressure mj/ cause sudden failure.
.J
3. Make sure "pTessire has been re : ieved m hydraulic
iir.es before mstr.mg cylinder.
4. Keep cylinder roc from contacting any object which
may damage the red.
5. Do not overtighten fittings. Acply only enough
torque for proper seaiing.
6. After instating clevis pins, make sure locking clips
are secure.
7. Consult specifications and make sure the hydraulic
cylinder size is appropriate to the application. Do not
use an undersized cylinder.
8. Use petroleum based hydraulic oils only.
Assembly
The cylinder has two hydraulic line connections at the
base end Select th« connection location that best fits
the applicaiion and plug the other with the pipe plug
supplied. Use supplied adaptors if connections are
NPT fittings.
Installation
CAUTION: Use petroleum based hydraulic oils
only.
1 Relieve all pressure in hydraulic lines before in-
stalling the cylinder.
2 Ad]ust rod lengtn to fit the application and
tighten the rod clevis lock bolt.
3. Select the hydraulic connection at the base of the
cylinder that best fits the installation and plug
the ether with the pipe plug supplied.
4. Clevis should be unthreaded no further than to
the point where rod threads are flush with the
inside of the clevis throat.
Opera u on
Air must we ' = r-cv?e from vie ;ylinclef 'c e nsure
srrootM operation.
2 If there i s air m tne cylinders, looser me hydraulic
fittings slightly wnile operating tne cylinder at a
light load. When a steady stream of hydraulic oil
is seen from the fitting, retighten the connection.
3. Do nnt ^po,
25C0 PSl
' etc c>N..Jci at pressures higner man
Maintenance
To repair the cylinder, the following procedures
should be followed:
1 Be sure you have the proper replacement pack-
ing kit.
2. Relieve all pressure and loads on the cylinder
and remove from equipment. Plug all hydraulic
connections.
3. Dram oil from cylinder.
4. Loosen and remove the four tie-rod bolts.
5 With a soft-head mallet tap off the gland and
butt castings from the tube Pull the piston rod
assembly from the tube.
6. Clamp piston rod in vise with soft jaws and re-
move Icc^nut. Pull gland oft rod from piston and
clean all parts.
7. Remove and replace all seals, making sure the
two hardest large diameter O-nngs are used on
the gland and butt castings and the one softer
0-ring is used on the piston.
8. Slide gland and piston on piston rod. Install lock-
nut and tighten securely.
9. Slide tube over piston and tap gland into tube.
Tap butt into other tube end and align so tie-rods
can be installed.
10. Install tie-rods and wrench tighten evenly.
TORQUE REQUIREMENT CHART
2'2-3Vj- BORE — 50;:5 Ft. lbs.







11. Reinstall cylinder per installation instructions.
Trouble Shooting Chart
SYMPTOM POSSIBLE CAUSE(S) CORRECTIVE ACTION
Leakage around
piston rod.
1. Rod seal worn out from extensive
use.
2. Seal has been cut from knick in rod.
1. Repack cylinder.
2. Repack cylinder and replace dam-
aged rod.
Cylinder will not held
up load.
I
1. Piston seal worn out from extensive
use.
2. Seal has been cut from scce on
tube walls.
1. Repack cylinder.
2. Repack cylinder and replace scored
tube. Check for contamination in hy-
draulic Oil.
I
n if n i








M2GJCECND 2014 S -.]
MAGCECND 2014-i
f
Epoxy systems are tenacious adhesives to all but a few surfaces. Best
adhesion can be achieved through proper surface preparation and
non-adhesicn is possible through use of a release agent.
CUES
KASTCOCND 2014 and M,Y203CM> 2014-1 will cure at room tenperature with any
of the hardeners in the chart. Cure nay be accelerated by heat. Consult
a Magnolia Technical Fepresentative for technical assistance. The 2014
and 2014-1 systems will cure sufficiently for handling after an overnight
cure at room temperature and achieve full strength after 3 days at 77°F.
(CVER)
"Plastics far the Space A*te"
14
.-I
Magncbond 2014 and Magncbcnd 2014-1 are epcxy resins which find many areas
of application in laminating, casting, and adhesives. For your
convenience iMagnolia has charted the most popular curing agents for use
with these systems. Selection of a curing agent will deoend en use, ^
working time, and possible cure times. ry
Epoxy systems based on 2014 will be lower in viscosity than those systems
-j
based en 2014-1. >
gCarefully select a curing agent for your needs because the hardener .%
dictates the type and kind of cured epoxy system ycu will have. All mix
ratios are by weight. Carefully weigh each component, A and B, and !>
thoroughly mix for 3-5 minutes by hand or 2-3 minutes by power stirrer.
Immediately after mixing you must be concerned with your working time.
Check the chart to see how much time ycu have to use the mixed material.
CALTIC?] : Working times given in the chart are based on 3 ounces of mixed
material at 77°F. Epoxy systems are mass and temperature dependent. The
higher the temperature, the shorter the working time and vice versa.
Large volumes of material should not be mixed at one time due to the short
working time and violent exotherm. Limitations for mixed material by 'Z
volume are indexed in the chart.
>
CCLCEim















































28-38 min. 80-90 min. 4 hours
12 hours 24 hours
1/2 inch 1 inch
18 hours
1 inch
'•'Use 2 to 1 for best water and high temperature resistance. Use 1 to 1 for added flexibility.
i^t all time wear protective gloves and clothing while using these epcxy systems and always use
Mji a well ventilated room. Although these systems are relatively non-toxic, sensitivity to
these thermosetting compounds varies from individual to individual.
r?
CfcCgL
May cause severe irritation.
.;."xd not get into eyes, en skin or clcthing.
^>o not inhale vapors.
Use with adequate ventilation.
vVash thoroughly after handling.
<;-ror Industrial Use Only.
*-'.<eep container closed.
Do not re-use this container.
FIRST AID
EyjLS - Immediately flush eyes with plenty of
water for at least 15 minutes. Get
medical attention.
SVin - Wash immediately with soap and water.
Clothing - Remove clothing and wash before


































Creep Polyester inherently exhibits superior resistance
to creep than nany other polymers.
Soil Pullout: Preliminary results indicate pullout resistance








Remains elastic with no
brittleness to - 50°F
Biologically Inert
AVAILABLE POLL SIZES
Width(s) : 5.8 ft 11.8 ft
Length(s) : 155 ft 155 ft
Weight: 81 lbs 162 lbs




















( . 4 7"X .0 30")
1







It: Reported grid tensile strength and modulus bj»?d on test procedures which were in general
cordance with proposed A5TM Cor-mittee D-35 method (or Wide Width Strip Tensile Strength Test.
nple size: 3 s.trands wide X A" gauge length. Strain Rate - 10^/nln.































































We are pleased to supply this document in response to your request.
The acquisition of technical reports, notes, memorandums, etc., is an active,
ongoing program at the Defense Technical Information Center (DTIC)
that depends, in part, on the efforts and interest of users and contributors.
Therefore, if you know of the existence of any significant reports, etc., that
are not in the DTIC collection, we would appreciate receiving copies or
information related to their sources and availability.
The appropriate regulations are Department of Defense Directive 3200.12,
DoD Scientific and Technical Information Program; Department of Defense
Directive 5200.20, Distribution Statements on Technical Documents
(amended by Secretary of Defense Memorandum, 18 Oct 1983, subject:
Control of Unclassified Technology with Military Application); Military
Standard (M1L-STD) 847-B, Format Requirements for Scientific and Technical
Reports Prepared by or for the Department of Defense; Department of Defense
5200. 1R, Information Security Program Regulation.
Our Acquisition Section, DTIC-FDAB, will assist in resolving any
questions you may have. Telephone numbers of that office are: (202) 274-
6847, (202) 274-6874 or Autovon 284-6847, 284-6874.
DO NOT RETURN THIS DOCUMENT TO DTIC
EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS










c.l Pullout and creep of






Pullout and creep of
geosynthetics in a soil
matrix.

